Introduction: During endochondral bone development cartilage formation always precedes that of bone, leading to the hypothesis that chondrocytes provide inductive signals for osteogenesis. In order to test this hypothesis, we have co-cultured primary avian cells derived from various skeletal and nonskeletal tissues with pluripotent mesenchymal C3H10T½ cells. This system is used to recapitulate cellular environments that will mimic in vivo signaling events involved in mesenchymal cell recruitment into specific cell lineages. Mesenchymal cell lineage selection and differentiation was assessed at the molecular level by RT-PCR analysis of the transcriptional determinants of adipogenesis, myogenesis, chondrogenesis and osteogenesis. Chondrogenic and osteogenic differentiation were further assessed by ribonuclease protection analysis (RPA).
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Materials and Methods:
Cell populations enriched in osteoblasts, hypertrophic and non-hypertrophic chondrocytes were prepared from 17-dayold chick embryos and grown as previously described (1) . C3H10T½ cells were plated at 2.5x104 cells per 33mm diameter culture wells. Co-cultures were initiated by placing the trans-wells, pre-seeded with 2.5x105 avian effector cells, into the wells of the 33mm dishes overlying the responder C3H10T½ cells. All cultures were harvested after 21 days. Alkaline Phosphatase activity was measured by p-nitro-phenol conversion and normalized to relative cell number as previously described (2) . RT-PCR analysis of Cbfa1, Myo-D, PPAR-γ and Sox-9 expression were carried out using the Titan One Tube RT-PCR system (Boehringer Mannheim). Expression of collagen types I, II, and X, osteocalcin, and the various BMPs was analyzed by quantitative RPA using commercially prepared RPA template sets per manufacturers instructions (PharMingen Corp.). The intensities of individual mRNA bands were normalized to the control mRNAs of L32 and GAPDH.
Results: Alkaline phosphatase activity was induced in co-cultures with either hypertrophic or non-hypertrophic chondrocytes.
RT-PCR analysis demonstrated that C3H10T½ constitutively expressed Sox-9 mRNA, and its expression was only moderately affected by co-culture with any of the cell populations or other treatment. Myo-D was also expressed constitutively in the C3H10T½ cells.
Co-culture of the C3H10T½ with osteoblasts, hypertrophic chondrocytes or tendon fibroblasts promoted adipogenesis, as determined by PPAR-γ induction. Co-culture with either chondrocyte population, and to a lesser extent with osteoblasts, induced the expression of Cbfa1. The induction of either osteogenic and/or chondrogenic differentiation in individual cultures was examined using RPA with a template set containing probes that detected mRNAs expressed by either osteoblasts (Collagen Type I and osteocalcin) or chondrocytes (Collagen Type II). Osteogenic induction in C3H10T½ by co-culture was compared to C3H10T½ cells treated with BMP-7 (OP-1) (Figure1). We found that BMP-7 induced both osteogenic and chondrogenic differentiation in a dose dependent manner while co-culture preferentially induced only osteogenesis based on the induction of osteocalcin and collagen type I. Discussion: This is the first demonstration of the direct induction of mesenchymal cell osteogenic differentiation by paracrine factors secreted by chondrocyte cell populations. The current results lead to the hypothesis that mesenchymal stem cell recruitment into the osteogenic lineage during endochondral bone formation is dependent upon prior chondrogenic differentiation and locally produced soluble signals from those chondrocytes. This model would be in contrast to an independent lineage progression as represented by intramembranous bone formation that might be under the influence of different factors. We have recently demonstrated that fracture repair in genetically engineered mice deficient in TNF-α receptors display delays in chondrogenesis and in endochondral tissue resorption leading to a persistence of the cartilaginous callus (3). This condition subsequently leads to an increase in endochondral bone production. Such observations demonstrate that while deficient chondrogenesis leads to diminished osteogenesis, as recently reported in the Indian hedgehog knock-out mouse model (4), excessive chondrogenesis is equally capable of producing increased osteogenesis.
